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Summary:  

 

A three-dimensional numerical model was applied to simulate submerged spatial 

hydraulic jumps (SSHJ) downstream of a symmetric vent that discharges into a wider 

channel. Simulations were carried out for different aspect ratios of the vent, expansion 

ratios of vent width to downstream channel width, tailwater depth, and inlet Froude 

number. Depending on these factors, simulations indicated the formation of steady 

asymmetric SSHJ, oscillatory asymmetric SSHJ, and steady symmetric SSHJ, 

consistent with results of previous experimental studies. The model reproduced 

observed depth downstream of vent, jump length, and velocity profiles along channel 

centerline for steady symmetric SSHJ. For oscillatory asymmetric SSHJ, simulated 

oscillation frequencies had corresponding Strouhal numbers that varied with expansion 

ratio and ranged between 0.003 and 0.015. With piers downstream of the vent, 

oscillatory SSHJ continued to exhibit jet deflections when pier length was relatively 

short (≲0.2 of jump length) but became steady asymmetric for longer piers. Numerical 

simulations with end sill downstream of the vent were conducted. End sill proved to 

be an efficient tool in stabilizing oscillatory SSHJ and reducing jump roller length.    
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Abstract 

Hydraulic jumps in open channels have an important role in energy dissipation 

downstream of hydraulic structures. The hydraulic jump roller dissipates energy from 

supercritical flow shooting out of structure vents and transforms it to less erosive 

subcritical flow. Depending on the location of the jump roller relative to structure vents, 

different types of hydraulic jumps may occur including repelled jumps, transitional 

jumps, and spatial jumps. The focus of this study is the spatial hydraulic jump which 

forms entirely in the wider channel immediately downstream of piers. In particular, we 

focus on the submerged spatial hydraulic jump (SSHJ) which forms when vertical vent 

gates are located at the downstream end of piers, tail-water depth is large enough to 

submerge the hydraulic jump, and water depth immediately downstream of vents exceeds 

vent height. SSHJ might be steady symmetric, steady asymmetric, or oscillatory 

depending on expansion ratio, vent aspect ratio, and tail-water depth.  

To our knowledge, numerical investigation of hydraulic jump characteristics has 

been limited to free and submerged classical hydraulic jumps without width expansions. 

The main objective of this study is to extend the previous numerical studies to submerged 

spatial hydraulic jump (SSHJ). In particular, this study tests the ability of available 3D 

numerical models to reproduce characteristics and types of SSHJ observed in previous 

experimental studies. 

A three-dimensional numerical model was applied to simulate submerged spatial 

hydraulic jumps (SSHJ) downstream of a symmetric vent that discharges into a wider 

channel. Simulations were carried out for different aspect ratios of the vent, expansion 

ratios of vent width to downstream channel width, tail water depth, and inlet Froude 

number. Depending on these factors, simulations indicated the formation of steady 

asymmetric SSHJ, oscillatory asymmetric SSHJ, and steady symmetric SSHJ, consistent 

with results of previous experimental studies. The model reproduced observed depth 

downstream of vent, jump length, and velocity profiles along channel centerline. A 

degree of symmetry index based on longitudinal velocity distribution ranged between 

70% and 100% for steady asymmetric and symmetric SSHJ. For oscillatory asymmetric 

SSHJ, simulated oscillation frequencies had corresponding Strouhal numbers that varied 

with expansion ratio and ranged between 0.003 and 0.015. With the existence of piers 

downstream of the vent, oscillatory SSHJ continued to exhibit jet deflections when pier 

length was relatively short (≲0.2 of jump length) but became steady asymmetric for 

longer piers. This study improves the understanding of oscillatory SSHJ and indicates 

that three-dimensional numerical models are able to reproduce SSHJ formation 

downstream of hydraulic structures. 

To reduce the length of SSHJ and cost of stilling basin containing the jump, an end 

sill was added to the model. Stability of submerged spatial hydraulic jumps below abrupt 

symmetric expansions are numerically studied for basins with and without end sills. 

Numerical simulation for one expansion ratio, and different solid sill heights and 

locations were conducted. The two parameters (sill height and sill location) were found 

to play an important role in the hydraulic jump’s configuration, energy dissipation, and 

flow patterns. End sill proved to be an efficient tool in stabilizing oscillatory submerged 

spatial hydraulic jump and reducing the jump length. 

 


